The individual k|| and k ⊥ stripe excitations in fluctuating spin-charge stripes have not been observed yet. Raman scattering has a unique selection rule that the combination of two electric field directions of incident and scattered light determines the observed symmetry. If we set, for example, two electric fields to two possible stripe directions, we can observe the fluctuating stripe as if it is static. Using the different symmetry selection rule between the B1g two-magnon scattering and the B1g and B2g isotropic electronic scattering, we succeeded to obtain the k|| and k ⊥ strip magnetic excitations separately in La2−xSrxCuO4. Only the k ⊥ stripe excitations appear in the wide-energy isotropic electronic Raman scattering, indicating that the charge transfer is restricted to the direction perpendicular to the fluctuating stripe. This surprising restriction is reminiscent of the Burgers vector of an edge dislocation in metal. The edge dislocation easily slides perpendicularly to an inserted stripe and causes ductility in metal. Hence charges at the edge of a stripe move together with the edge dislocation perpendicularly to the stripe, while other charges are localized. A looped edge dislocation has lower energy than a single edge dislocation. The superconducting coherence length is close to the inter-charge stripe distance at x ≤ 0.2. Therefore we conclude that Cooper pairs are formed at looped edge dislocations. The restricted charge transfer direction naturally explains the opening of a pseudogap around (0, π) for the stripe parallel to the b axis and the reconstruction of the Fermi surface to have a flat plane near (0, π). They break the four-fold rotational symmetry. Furthermore the systematic experiments revealed the carrier density dependence of the isotropic and anisotropic electronic excitations, the spin density wave and/or charge density wave gap near (π/2, π/2), and the strong coupling between the electronic states near (π/2, π/2) and the zone boundary phonons at (π, π).
I. INTRODUCTION
Soon after the discovery of the high temperature superconductor, an incommensurate spin modulation was found by neutron scattering 1,2 . Stabilities of the superconducting states in spin stripes and spin plaquettes were investigated 3-10 . The inhomogeneous structures were expected to solve the question that the twodimensional Hubbard model may not stabilize the superconducting state [11] [12] [13] . A periodic lattice modulation was found in La 2−x Sr x CuO 4 (LSCO) by EXAFS 14, 15 and the atomic pair distribution function analysis of neutron diffraction 16 . Tranquada et al. found the spin-charge stripe structure in superconductivity suppressed La 1. 48 Nd 0.4 Sr 0.12 CuO 4 (LNSCO) by neutron scattering 17 . Neutron scattering could not detect the charge density, so that the charge modulation was supposed from the lattice modulation. The charge modulation was certified by resonant soft X-ray scattering (RSXS) 18 . Yamada's group disclosed that the stripe structure in LSCO is ubiquitous in the doped insulating and superconducting phases, but it disappears outside of those phases [19] [20] [21] [22] [23] [24] [25] [26] [27] . The stripes in metal is fluctuating, because the incommensurate spots are observed in inelastic neutron scattering with a spin gap of about 5 meV 28 . When the fluctuation stops, the electronic state becomes insulating and superconductivity is suppressed in La 2−x Ba x Cu 2 O 4 , LNSCO and Zn-doped LSCO with x = 1/8 29, 30 as observed by neutron scattering 31 and µSR [32] [33] [34] .
Fluctuation of the nematic stripe is important to induce a metallic conductivity [5] [6] [7] [8] [9] [10] . However, it is very difficult to observe the fluctuating stripe. The anisotropic magnetic excitations for k|| and k ⊥ stripe have not been observed. The exception is the anisotropic low-energy excitations in the chain direction of YBa 2 Cu 3 O 7−δ (YBCO) 35, 36 . The high-energy magnetic excitations are presented by the so-called "hour-glass" dispersion in the magnetic susceptibility versus wave vector 23, [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] . In the metallic state the four incommensurate scattering spots at (π ± δ, π) and (π, π ± δ) converge at the crossing point energy (resonance energy) as the energy increases and then diverge again in the directions rotated by 45
• from the low-energy dispersion directions. The magnetic excitations are interpreted by dynamical stripes [49] [50] [51] [52] [53] [54] and interacting itinerant fermion liquid [55] [56] [57] [58] .
Raman scattering has the unique selection rule that the combination of incident and scattered light polarizations determines the observed symmetry. If we choose, for example, the electric field of incident light to one of the possible stripe direction and the electric field of scattered light to the other possible stripe direction, we can observe the same Raman spectra without regard to the two possible stripe directions, because the Raman spectra arXiv:1302.6917v1 [cond-mat.supr-con] 26 Feb 2013 are symmetric for the exchange of incident and scattered light. If the magnetic Raman scattering process is only one, we cannot separate the k|| and k ⊥ stripe spectra. Fortunately two mechanisms with different symmetries contribute to high-energy magnetic Raman scattering. We can choose two different symmetries, B 1g and B 2g . The B 1g spectra are obtained in the polarization combination (x, y) and the B 2g spectra in the (a, b), where (x, y) denotes that incident light with the electric field parallel to the x direction illuminates the sample and scattered light with the electric field parallel to the y direction is measured. Here the tetragonal notation is used. a and b are the directions connecting Cu-O-Cu and x and y are the directions rotated by 45
• . The two possible stripe directions are x and y in the insulating phase 20 and a and b in the metallic phase 19 . Highenergy magnetic scattering is caused by two different mechanisms, two-magnon scattering [59] [60] [61] and electronic scattering [62] [63] [64] [65] [66] [67] [68] [69] [70] . Two-magnon scattering is active even in the insulating antiferromagnetic phase, while electronic scattering is caused by doped carriers. Utilizing this technique we succeeded to observe the individual k|| and k ⊥ stripe magnetic excitations in fluctuating stripes.
Many experimental results of Raman scattering were reported with respect to the high temperature superconductivity. The superconducting gaps in hole-doped superconductors were investigated by low-energy Raman scattering . Two-magnon excitations and electronic excitations were investigated by wide-energy Raman scattering 72, 74, 75, 77, 82, 88, 94, [97] [98] [99] [100] [101] [102] [103] [104] [105] [106] . Two-magnon scattering is active only in the B 1g spectra 97, 98 . If electronic Raman scattering is treated without strong correlation, the spectral energy range is less than a few tens cm −1 because of the momentum conservation with light. In calculation the B 1g spectra is much stronger than the B 2g spectra, because the B 1g intensity is proportional to the square of the nearest neighbor hopping integral while the B 2g intensity is proportional to the square of the diagonal next nearest neighbor hopping integral. Introduction of the strong correlation expands the spectral energy range to 1 eV through the self energy of the Green's function 62 . In the dynamical mean field theory the k dependence of the self energy is ignored [66] [67] [68] [69] [70] 107 . The electron-radiation interaction Hamiltonian is expanded with respect to A. The second order perturbation of the A linear term gives the resonant term in the scattering susceptibility and the first order perturbation of the A quadratic term gives the nonresonant susceptibility. Two-magnon scattering in insulator is given by the resonant term. Electronic scattering is composed of the nonresonant term and the resonant term. The intensity of the B 2g channel mainly comes from the resonant term. The calculated B 2g intensity is much smaller than the B 1g intensity 68 .
The present experiment revealed that the B 2g wideenergy spectra become the same as the B 1g spectra above 2000 cm −1 in the underdoped phase, if the two-magnon scattering is removed from the B 1g spectra. It indicates that the dispersion becomes isotropic in k space as the energy moves away from the chemical potential. It is also observed in the A 1g spectra as an increasing screening effect at high energies. The common component decreases in the overdoped phase and the B 1g spectra becomes stronger than the B 2g spectra. It is approaching the calculated electronic states without stripe structure in electronic Raman scattering 68 . We found a hump from 1000 to 3500 cm −1 in the common spectra. The energy changes as carrier density increases and the intensity increases as temperature decreases. The hump can be well understood by the separated dispersion segments in the k ⊥ stripe dispersion calculation by Seibold and Lorenzana 52, 54 . The k|| stripe dispersion decreases in energy as well as the decrease in the high-energy spin susceptibility. On the other hand the k ⊥ stripe dispersion is separated into d segments without changing the overall dispersion energy, where d is the multiplication factor of the spin stripe width with respect to the original magnetic unit cell. The width d decreases as d = 1/2x with increasing the carrier density from x ≈ 0 to x = 1/8 and then keeps constant above x = 1/8 19 .
From the analysis of the Raman spectra, we found that the electronic scattering spectra have only k ⊥ stripe excitations. It means that the charge transfer is restricted only to the k ⊥ stripe direction. This surprising result is reminiscent of the Burgers vector of an edge dislocation in metal 108 . The edge dislocation and the screw dislocation easily slide and cause ductility in metal. In two-dimensional layer only the edge dislocation is available. The edge dislocation slides in the Burgers vector direction which is perpendicular to the inserted stripe. Charges at the edge of a stripe move together with the edge dislocation and other charges are localized, because k|| stripe excitation is not observed in the B 2g electronic scattering. A looped edge dislocation connecting two charge stripes has lower energy than the single edge dislocation 6 , because the spin alignments on both sides of the charge stripe have opposite phase 17 . Zaanen 6,9 proposed a superconducting model generated by bosonized charges at edge dislocations. The spin-charge separation is not observed experimentally. Therefore it is supposed that Cooper pairs are formed at the moving edge dislocations. This model is supported by the experimental fact that the superconducting coherence length 109, 110 is close to the intercharge stripe distance d 19 at x < 0.2. The coherence length is only twice of the inter-charge distance on the assumption that charges are uniformly distributed. The superconducting state is in the crossover regime between BCS (Bardeen-Cooper-Schrieffer) and BEC (BoseEinstein condensation) 111, 112 . The one-dimensional sliding motion of the charge can explain the pseudogap around (0, π) in the underdoped phase. The B 2g spectra have a low-energy hump composed of electron-phonon coupled states below 180 cm −1 . The spin density wave / charge density wave (SDW/CDW) gap and the superconducting gap appear in this sates.
The electronic and two-magnon Raman scattering mechanisms are presented in Section II. The wide-energy Raman scattering, the analysis with respect to the anisotropy or isotropy in k space, k|| and k ⊥ stripe excitations, and the low-energy Raman scattering are presented in Section III. The pairing at the looped edge dislocations is proposed in Section IV. The one-dimensional sliding motion is applied to the pseudogap in Section V. Discussions are given in Section VI. The conclusion is presented in Section VII.
II. ELECTRONIC RAMAN SCATTERING AND TWO-MAGNON RAMAN SCATTERING
A. Electronic Raman scattering
Electronic Raman scattering in simple metal is caused by the first order perturbation of the A 2 term and the second order of the p · A term in the electron-radiation interaction term (P − e c A) 2 . The matrix element is given by 113, 114 
where X is the term with the different time order, m the free electron mass, e α i and e β s polarization vectors of incident and scattered light, α and β the Cartesian coordinates, ω i and q the incident photon energy and wave vector, a and b are the initial and intermediate electronic states, and k i and k f are the initial and final wave vectors of the electron. In the low energy and long wavelength approximation of the incident light, Eq. (1) is the same form as the k · p perturbation. Hence Eq. (1) becomes
where (1/m * ) is the effective inverse mass tensor. The energy range of the Raman spectra is limited to less than a few tens cm −1 due to the momentum conservation with light. The scattering intensity goes to zero as the momentum shift q goes to zero.
The Raman intensity is proportional to 65, 115, 116 
where F represents an average over the Fermi surface. The second term represents the screening of the A 1g spectra by plasma excitations. The A 1g intensity is completely screened, if the energy dispersion is parabolic in k space. The screening ratio can be used how the electronic states are isotropic around the Fermi surface. The B 1g and B 2g spectra are not screened.
In the strongly correlated electron system, the upper and lower Hubbard bands of the Cu 3d x 2 −y 2 level are taken into account. In the Hubbard model coupled with light the creation and annihilation operators of an electron develop as and the resonant term is given by the second order per-
An electron transferred to the neighboring site is excited to the upper Hubbard band in the intermediate state.
The charge transfer excitation energy with double occupancy is close to the incident photon energy, so that the scattering is resonantly enhanced. In the dynamical mean field theory the imaginary part of the Raman susceptibility of the nonresonant term is given by 66, 67, 69 
where the form factor V ( ) is
where ij = xy for B 1g and ij = ab for B 2g . f (ω) is the Fermi-Dirac distribution function. The one-particle spectral function A is the imaginary part of the Green function
where Σ is the self energy representing the interactions with other particles. Σ is independent of k in the dynamical mean field theory. The spectral function is composed of a coherent peak (quasi-particle peak) and two incoherent parts. The scattering intensity from the coherent peak goes to zero as q goes to zero, while the incoherent parts keep the intensity. Figure 1 (a) shows the electron energy dispersion of the tight binding model
where t, t , and t are the first-, second-, and thirdnearest neighbor hopping integrals between Cu sites. The parameters are t = 0.25 eV, t = −0.17t (−0.15t, −0.12t), t = −t /2, and 0 = 0.55t (0.81t, 0.99t) for x = 0.07 (0.15, 0.3) by angle-resolved photoemission spectroscopy (ARPES) 117 . The light blue plane in Fig. 1(a) shows the chemical potential µ = 0. Figure 1 2 . The B 1g spectra observe near (π, 0) and the B 2g spectra observe near (π/2, π/2) 64, 65 . The intensity near (π, 0) and (0, π) in B 1g is much larger than that near (π/2, π/2) in B 2g , because t is much larger than t . The Fermi surface at x = 0.07 is shown by the thick line and the dashed line. The dashed line indicates the pseudogap formed in the underdoped phase 117 .
In the dynamical mean field theory the difference between the B 1g and B 2g spectra comes from the V ( ) in Eq. (11) . Figure 2 shows the V ( ) for (a) the A 1g , (b) B 1g and (c) B 2g symmetries, and (d) the density of states. The chemical potential is energy zero. The intensity of the A 1g spectra increase as energy shift increases, while those of the B 1g and B 2g spectra decrease at high energies. The present experiment, however, revealed that the intensity of the A 1g spectra more rapidly decreases than the B 1g and B 2g spectra at high energies, indicating that the screening effect increases at high energies. The peak positions in A 1g and B 1g shift from < 0 to > 0 in Fig.  2 , because the zone boundary point of the Fermi surface changes from (0, π) − (π, π) to (0, 0) − (0, π). The intensity of the B 2g top is about 1/40 times of the B 1g peak. The B 2g intensity mainly comes from the resonant term, but the resonant scattering intensity is still much smaller than the B 1g channel 68 . The total intensity of the B 2g channel is one order smaller than the A 1g and B 1g channels. However, the present experiment revealed that the B 2g intensity is the same order as the B 1g intensity in the under doped phase. Electronic Raman scattering detects magnetic excitations through the self-energy Σ in Eq. (12) . A hole hopping from site A to the nearest neighbor site B is the same as a back hopping of an electron from B to A in Fig. 3(a) . The coming electron spin is opposite to the stable spin direction at site A. Thus hole hopping causes the overturned spin trace shown in the lower panel. The red wavy lines show the increased energy bonds. The overturned spin excitation propagates as a magnon at each hopping from A to B and from B to C.
B. Two-magnon scattering
Two-magnon scattering in the insulating phase is caused by the resonant term of Eq. (9) . A hole at A hops to the neighboring site B by absorbing light and the original hole at B hops to A by emitting light in Fig.  3(b) 62,63 . This process gives the same interaction Hamil- 
where r kl is the unit vector connecting the k and l sites. Two-magnon scattering is active in (aa) and (xy) and inactive in (ab). In (xx) the two-magnon scattering Hamiltonian is the same as the system Hamiltonian
except for the proportionality constant. Therefore twomagnon scattering is inactive, because the two-magnon Hamiltonian commutes to the system Hamiltonian. Two magnons are simultaneously excited, so that the two magnons interfere and the total energy is reduced from the independently excited two magnons by the magnonmagnon interaction energy which is close to the exchange interaction energy J 59-61 . In the electronic scattering process in Fig. 3(a) the magnon excitation energy is included in the self-energy. A magnon is excited at each hopping process, so that the magnon-magnon interaction does not arise in the lowest order. The symmetry dependence of the magnetic Raman scattering mechanism is summarized in Table I .
III. RAMAN SCATTERING EXPERIMENTS

A. Experimental procedure
In order to obtain the wide-energy spectra, the fine adjustment of the spectrometer is necessary. We used a triple-grating spectrometer with the same focusing lengths of 600 mm. The first two gratings are used as a filter to cut the direct laser light and the third grating is used to disperse the spectra. A Raman system is usually adjusted to measure molecular vibrations of less than 3000 cm −1 , so that the measurement of large energy shift to 7000 cm −1 is not warranted. The focusing point on the slit of the third spectrometer moves, as the central wavenumber of the spectrometer is driven into the infrared region, if the adjustment of the spectrometer is insufficient. It causes a decrease or increase of the intensity at high energy shift. We carefully adjusted the spectrometer every 3 ∼ 4 months.
Single crystals were synthesized by a traveling-solvent floating-zone method. The solvent were melted by the radiation from four halogen lamps with four elliptic mirrors. The excess oxygen in La 2 CuO 4+δ crystals were reduced, but some excess oxygen remained. The oxygen is deficient in as-grown crystals of x = 0.2 and 0.25. They were annealed in one atm oxygen gas at 600
• for 7 days. Raman spectra were obtained on fresh cleaved single crystal surfaces in a quasi-back scattering configuration using 514.5 nm laser light. The incident angle from the normal direction of the sample surface was 30
• . The incident polarization direction was fixed to the horizontal direction (p-wave). The vertical or horizontal polarization of scattered light was selected. The B 1g and B 2g spectra were obtained by rotating the sample keeping other optical geometries in the same positions. The B 1g and B 2g spectra were obtained in the (x, y) and (a, b) polarizations, respectively. The A 1g spectra were obtained from the calculation of the spectra [(x, x) + (a, a) − (x, y) − (a, b)]/2. The details of samples and Raman scattering were presented in our previous paper 82 . The wave number and polarization dependences of the optical system were carefully corrected using reflected light from a standard white reflection plate. The light source is a incandescent lamp with a known black body radiation temperature. The optical path for the measurement of the spectral efficiency was carefully adjusted to coincide with the Raman scattering experiment. The Raman intensity is proportional to 1/[α i (ω i ) + α s (ω s )], where α is the absorption coefficient. The absorption coefficient of the incident laser light decreases by 0.7 times as the hole density increases from x = 0 to 0.25, while it increases by 5 times at the energy shift of 7000 cm −1 . Therefore the absorption correction is necessary to compare the carrier density dependence. The absorption coefficient was obtained from farinfrared, visible and ultraviolet reflection spectroscopy by means of the Kramers-Kronig transformation. The details of infrared spectroscopy was presented in our previous paper 118 B. Wide-energy spectra : Anisotropic or isotropic electronic dispersion in k space Figure 4 shows the wide-energy Raman spectra. All the spectra are plotted in the same intensity scale. The sharp peaks from 700 to 1400 cm −1 at x = 0 are twophonon peaks. Four-and six-phonon peaks are observed in the A 1g and B 2g spectra. The multi-phonon spectra are 20 times stronger in the A 1g spectra than in the B 1g or B 2g spectra at x = 0. The multi-phonon intensity rapidly decreases to 1/60 at x = 0.035 and almost completely disappears at x ≥ 0.08 in the B 1g and B 2g spectra, while the small intensity remains in the whole carrier density range in the A 1g spectra. The 3170 cm −1 peak in the B 1g spectra at x = 0 is the two-magnon peak. The 4400 cm −1 subpeak at 4J appears in a polished sample, but almost completely disappears in a cleaved sample. The high-energy spectra are rather different from other groups 94, 106 . The difference comes from whether the crystal surface is cleaved or polished and how the spectral efficiency of the optical system is corrected.
The wide-energy spectra are very different from the spectra expected from the form factor V ( ) in Fig. 2 with respect to the following points. (1) The A 1g spectra decrease rapidly to high energy, which is contrary to the spectra expected from Fig. 2(a) . (2) The B 2g spectra have almost the same intensity as the B 1g spectra in spite of very weak calculated intensity 68 . The large difference between the experiment and the theory is caused by the deviation of the electronic states from the tight binding model of Eq. (13) . Figure 5 shows the carrier density dependence of the A 1g spectra at 5 K. The intensity rapidly decreases as the carrier density increases from x = 0 to 0.1 and then the spectra keep the same shape at x ≥ 0.1. The spectra have a broad peak at 500 cm −1 and a long tail to high energy at x > 0.1. Figure 6 shows the comparison of the A 1g , B 1g , and B 2g spectra at 5 K. The B 1g and B 2g spectra approach each other as the energy shift increases and become the same above 4000 cm −1 at x = 0.035, 2000 cm −1 at x = 0.1, 4000 cm −1 at x = 0.15, and 5000 cm −1 at x = 0.25. It indicates that the anisotropy of the electron energy dispersion in k space decreases as the energy moves away from the chemical potential, that is, the energy dispersion becomes isotropic at high energy shift. It is supposed that the unscreened A 1g spectra also becomes the same as the B 1g and B 2g spectra at high energies. However, the A 1g spectra are screened from Eq. (3), as the isotropy increases at high energies. As a result the A 1g spectra are strongly depressed at high energies. Figure 7 shows the differential spectra between the B 1g and B 2g symmetries. The two-magnon peak at x = 0 is rather sharp, because the multi-phonon and electronic scattering components are removed. Two-magnon scattering is basically inactive in the B 2g channel. As for the origin of the B 2g two-magnon scattering, diagonal spin-pair excitations 98 or the chiral spin excitations s i · (s j × s k ) are proposed 62, 63 . The B 2g two-magnon scattering is also canceled in Fig. 7 . At x = 0.1 the intensity above 2000 cm −1 is zero, that is, the B 1g and B 2g spectra are the same. The B 1g intensity decreases below 2000 cm −1 due to the formation of the pseudogap around (π, 0). The similar structure is observed from x = 0.035 to 0.115, if the two-magnon peak is removed. At x = 0.115 the differential spectra are the same as x = 0.1 from 300 K to 100 K. At 5 K a weak hump at 2010 cm −1 and a long high-energy tail emerges. The hump enlarges and the peak energy softens, as the carrier density increases in the overdoped phase. The peak has a long tail to high energy. The intensity of the B 1g spectra at x = 0.25 is 4.1 times the B 2g spectra at 150 cm −1 and 1.8 times for the integrated intensity from 16 cm −1 to 6000 cm −1 . The two-magnon peak decreases in intensity and energy as x increases from x = 0 to 0.08. The two-magnon peak energy at x ≤ 0.08 and the hump energy at x ≥ 0.115 are continued, although it is not clear whether the hump in the overdoped phase is related to the two-magnon scattering or not. The decreasing peak energy with increasing carrier density in the overdoped phase looks like the B 1g spectra in the dynamical mean field calculation of the nonresonant term 67 . The characteristics hump at 1000 − 3500 cm −1 in the B 2g spectra of excitations. The hump is enhanced as temperature decreases. The hump does not appear in the differential spectra of Fig. 7 , representing that the B 1g spectra have the same hump as the B 2g spectra at all temperatures. The results of the differential spectra are summarized. In the underdopd phase (1) the electronic scattering spectra are same in the B 1g and B 2g channels above 2000 cm −1 , (2) the B 1g intensity decreases below 2000 cm −1 , and (3) the two-magnon peak in the differential spectra decreases in intensity and energy, as the carrier density increases from x = 0 to 0.08. In the overdoped phase (4) the B 1g spectra get larger than the B 2g spectra. In whole carrier density range (5) a hump appears at 1000 − 3500 cm −1 in both B 1g and B 2g spectra, as temperature decreases.
The isotropic and anisotropic regions in the k space obtained from the B 1g and B 2g spectra are shown in Fig. 8 , on the assumption that the electronic properties are symmetric with respect to the chemical potential. It is noted that the boundaries are continuous. The decrease of the B 1g intensity below 2000 cm −1 in the underdoped phase is due to the opening of the pseudogap near (π, 0) in agreement with ARPES 117,119-121 . The pseudogap observed in Raman scattering does not close at 300 K (> T * ). The opening of the pseudogap above T * is also reported in ARPES 122 . The electronic states at far sites more than 1000 cm −1 from the chemical potential lose the selection rule between B 1g and B 2g . The electronic states are isotropic in k space. It is the same as the dynamical mean field theory that the k dependence is ignored. In the overdoped phase the pseudogap closes and the intensity ratio of the B 1g to the B 2g spectra becomes increasingly large, as the carrier density increases. The A 1g spectra have almost the same structure above x = 0.1 as shown in Fig. 5 , so that the boundary at x = 0.15 is missing. The isotropic momentum dependence is also observed in YBa 2 Cu 3 O 6.5 above 100 meV in neutron scattering 48 . Figure 9 shows the carrier density dependent (a) B 1g and (b) B 2g average scattering intensity from 16 to 7000 cm −1 (solid lines). The B 1g intensity decreases from x = 0 to 0.1, because the two-magnon scattering intensity decreases. The electronic scattering intensity increases as the carrier density increases. The B 2g scattering intensity increases from x = 0 to 0.06 and then gradually decreases with increasing the carrier density. The rather large average intensity at x = 0 is due to the natural hole doping of our sample. An example of small B 2g intensity at x = 0 was reported 98 . The B 2g average intensity has a dip at x = 1/8 in Fig. 9(b) . The B 2g spectra has a hump from 1000 to 3500 cm −1 whose energy changes with the carrier density in Fig. 4(c) . The hump is strongly enhanced as temperature decreases. The differential intensity at 2500 cm −1 between 40 K and 300 K is shown in Fig.  9(b) . The dip at x = 1/8 comes from the reduction of the enhancement at low temperatures. The dashed lines in Fig. 9 (a) and (b) show the intensity at 150 cm −1 in the B 1g spectra and 100 cm −1 in the B 2g spectra, respectively. The average intensity of the wide-energy spectra has similar carrier density dependence to the low-energy intensity, if two-magnon scattering is removed. Therefore the wide-energy electronic scattering is generated by the same mechanism as the low-energy scattering. The carrier density dependences of the low-energy B 1g and B 2g intensities are consistent with the ARPES intensities near (π, 0) and (π/2, π/2), respectively 117 . The fine structure is, however, different as discussed in Section III D. Figure 10 shows the central energy of the B 1g (solid line) and B 2g (dashed line) spectral weight. The B 1g central energy decreases as the carrier density increases above x = 0.15. On the other hand the B 2g central energy increases with increasing carrier density.
C. Wide-energy spectra : k and k ⊥ stripe excitations
We analyze the B 1g and B 2g spectra, because the high-energy part of the A 1g spectra is strongly screened. The smooth B 2g spectra at 300 K in Fig. 4 (c) may be interpreted by the electronic Raman scattering theory with strong correlation 66, 67, 69, 106, 123 . However, the hump which develops from 1000 to 3500 cm −1 as temperature decreases cannot be interpreted by the above models. The hump is isotropic and the energy depends on the carrier density. The enhancement of the hump on cooling is largest at x = 0.035 and smallest at x = 1/8 in Fig.  4 (c) and 9(b). The "hour-glass" like magnetic susceptibility observed in neutron scattering is mainly analyzed by the dynamical stripes with mixed directions [49] [50] [51] [52] [53] [54] or the interacting fermion liquid [55] [56] [57] [58] . We analyze the Ra- man spectra by individual magnetic excitations for the k ⊥ and k|| stripe directions calculated by Seibold and Lorenzana 52,54 . Figure 11 
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. The B 1g two-magnon peak energy in Fig. 4(b) decreases with increasing the carrier density in the same way as the k stripe magnetic excitations in Fig. 11(a) .
The B 2g hump in Fig. 4(c) indicated by the downward triangles shifts from 900 -3500 cm −1 at x = 0.06 to 1600 -3500 cm −1 at x = 0.25. The triangles are numbered so that the energies are about twice the energy of dispersion segments in Fig. 11(b) . The hump has the following The same hump is observed in the B 1g spectra. The hump structure is observed in the B 1g spectra of the report by Machtoub et al. 105 at 2200 and 3100 cm −1 at low temperatures. Figure 12 shows the comparison between a half the energy of the edge 2 in the B 2g spectra and the energy of the second dispersion segment in the k ⊥ stripe excitations in Fig. 11 The low-energy spectra are different depending on the symmetry. The B 1g spectra observe the antinodal gap near (π, 0) and the B 2g spectra observe the nodal gap near (π/2, π/2) in accordance with the tight binding band model of Eq. (13) 64,65 . The B 1g and B 2g superconducting gaps were detected experimentally 77, 82, 85, 94, 95 . The absorption coefficient corrected low-energy spectra are shown in Fig. 13 . The insets show the contour maps of Fig. 1 . The absorption uncorrected spectra were presented in the previous paper 90 . The B 1g and B 2g spectra are similar to other groups 94 , but our spectra have finer structure because all the spectra were obtained on fresh cleaved surfaces.
The structural transition temperature from the tetragonal I4/mmm to orthorhombic Cmca phase decreases from 525 K at x = 0 to 10 K at x = 0.21 126, 127 . The orthorhombic crystallographic axes a and b rotate by 45
• from the tetragonal axes x and y and the unit cell volume doubles. The optical phonon modes are 2A 1g +2E g +3A 2u +B 2u +4E u in the tetragonal structure and 5A g +3B 1g +6B 2g +4B3 g +4A u +6B 1u +4B 2u +7B 3u in the orthorhombic structure. The (π, π) points in the tetragonal structure becomes the Γ point in the orthorhombic structure. The selection rule viewed from the tetragonal axes is listed in Table II .
The A 1g and B 2g spectra are rapidly enhanced as carriers are doped, while the B 1g spectra are weak. The A 1g and B 2g low-energy spectra are strongly enhanced as temperature decreases in the underdoped phase. The intensities decrease in the overdoped phase and the B 1g spectra becomes strong instead.
The A 1g spectra in Fig. 13 have many phonon peaks. Many of them are derived from Raman inactive modes. Two A 1g phonon modes in the tetragonal structure have the atomic displacements in the c direction. Therefore the Raman intensity is strong in the (c,c) polarization. The energies are 229 and 426 cm −1 at 5 K and x = 0 128 . The A 1g intensities in the in-plane polarization spectra are weak in Fig.13(a) . The other peaks in the (c,c) spectra are 126, 156, and 273 cm −1 at 5 K 128 . The peaks activated in the orthorhombic distortion disappear at x = 0.24 129 , because the orthorhombic structure ends at x=0.21 and 10 K 127 . In order to find out the origin of the phonon peaks in the A 1g spectra, neutron scattering results are plotted together with the Raman spectra in Fig. 14 (0, 0) and (π, π), respectively 131 . The blue short bars on the sixth line are the Λ modes at (0, 0)
131 . The purple triangles are Σ modes at (0, 0) (filled) and (π, π) (open) 132, 133 . The peaks denoted by A 1g are derived from the tetragonal A 1g phonons. Many peaks can be assigned to the phonon modes observed in neutron scattering. The A 1 peak is assigned to the Σ 4 soft mode at (π, π) which induces the tetragonal-orthorhombic structural phase transition 132, 133 . The A 1 peak becomes very small at x = 0.15. Only a small hump is observed at 60 K. The A 1 peak disappears at x ≥ 0.2. The 88 cm hump is assigned to the same branch at (0,0). The A 2 peak is assigned to the zone boundary (π, π) modes of the longitudinal acoustic mode (Σ 1 , 125 cm −1 ) and the transverse acoustic mode (Σ 3 , 136 cm −1 ). The A 3 peak is assigned to the Σ 1 mode of 147 cm −1 at (0,0) or 148 cm −1 at (π, π). The A 4 peak is assigned to the Σ 1 branch at (π, π) (177 cm −1 ). The A 2 and A 4 peak intensities decrease faster than the A 3 peak, as temperature increases.
The A 2 , A 3 , and A 4 peaks are observed in infrared spectroscopy as B 3u modes of the orthorhombic structure 134 . The orthorhombic crystal structure Cmca has inversion symmetry, so that the Raman and infrared activities are exclusive. The appearance in both spectra means the disappearance of the inversion symmetry. The modes are not the simple phonons, but may be local modes which have lower symmetry than the macroscopic orthorhombic symmetry. In fact the A 1g spectra are strongly enhanced as carriers are doped and as temperature decreases. Those A 1g modes are not the pure phonon modes, but electron-phonon coupled modes.
The correspondence between the 240 − 330 cm −1 peak energies and the phonon energies obtained from neutron scattering is not good as shown in Fig. 13 and 14 , so that the peaks are assigned to the second order of the peaks A 2 − A 4 and the humps near those peaks.
Zhou et al. 135 observed multiple phonon spectra of about 17 meV (140 cm −1 ) on the electron dispersion along the (0, 0) − (π, π) nodal direction in ARPES of underdoped LSCO. The energy is just the same as the average energy of the peaks A 2 , A 3 , and A 4 . The energy resolution in ARPES is 12 and 20 meV, while that of Raman scattering is 0.7 meV. Therefore the Raman scattering presents the fine structure of the electron-phonon coupled modes. The difference from the ARPES is that the first order peaks are stronger than the second order peaks in Raman scattering, while the higher order peaks are stronger than the first order peaks in ARPES 135 . The multiple phonon spectra are produced by the electronic scattering through the self-energy of multiple phonon component 136, 137 . The electron-phonon coupling is more clearly observed in the B 2g channel.
The B 2g spectra at 300 K in Fig. 13(c) are strongly enhanced by the small carrier doping of x = 0.035 even in the insulating phase. The low-energy part below 180 cm −1 is further enhanced at x ≥ 0.035 as temperature decreases. Figure 15 shows the comparison among the A 1g (black and blue), B 1g (dark green and green) and B 2g (red and orange) spectra at 5 K and 40 K. The B 2g peak below 180 cm −1 has the steps B 2 , B 3 , and B 4 as denoted in the spectra of x = 0.06 in Fig. 15(a) . The energies of the peaks A 2 , A 3 , and A 4 are the same as the energies of steps B 2 , B 3 , and B 3 . It is more clearly observed by taking the derivative of the B 2g spectra with respect to the energy. Figure 16 shows the A 1g (blue), B 2g (red), and the d(B 2g )/dω (green). The A 2 , A 3 , and A 4 peaks correspond to the minima of the d(B 2g )/dω from x = 0.035 to 0.15. It proves that the step structure in the B 2g spectra are produced by the Fano resonance between the continuum electronic scattering and the sharp phonon peaks. It is the clear evidence that the states below 180 cm −1 are electron-phonon coupled polaronic states. The B 2g hump from 180 to 380 cm −1 is the second order of the peak from 30 to 180 cm −1 . The steps are also observed at B 5 , B 9 , and B 10 in Fig. 15(a) which have the same energies of the peaks A 5 , A 9 , and A 10 , respectively. ARPES observed a kink at 70 meV on the electronic dispersion in the nodal direction [138] [139] [140] . It is assigned to the coupling with the half-breathing phonon mode 141 . The A 13 peak in Fig. 15 is derived from the Γ point mode of the highest ∆ 1 and Σ 1 longitudinal phonon branch. The small hump A 12 is the half-breathing mode which is the (π, 0) mode of the ∆ 1 branch [142] [143] [144] [145] . No structure is observed in the B 2g spectra at 70 meV. The A 14 peak is the breathing mode which is the (π, π) mode of the Σ 1 branch.
The B 2g intensity at 100 cm −1 is shown in Fig. 9 (b) as a representative of the low-energy peak which is enhanced at low temperatures. The intensity rapidly increases from x = 0 to 0.06 and then gradually decreases with increasing the carrier density. It is consistent with the ARPES intensity near (π/2, π/2) 117 . However, it contradicts to the calculation that the B 2g intensity is small as discussed in Section II A 68 . The formation of polaronic states may be the origin of the large scattering intensity at low temperatures. It is discussed in Section V.
The A 1 peak in Fig. 13 (a) and 14 is derived from the intrinsic A g mode in the orthorhombic Cmca struc- ture. This mode is the soft mode inducing the tetragonalorthorhombic phase transition 132, 133 . The A 1 peak energy at 40 K and x = 0.035 is 39 cm −1 , while the B 1 peak energy in Fig. 13(c) is 21 cm −1 at x = 0.035. The A 1 peak energy does not decrease on approaching x = 0, because the tetragonal-orthorhombic transition temperature increases 126, 127 . On the other hand the B 1 peak energy decreases as x decreases. Therefore the origin of the B 1 peak is different from the A 1 peak. The B 2g lowenergy intensity increases at x = 0.035, as temperature decreases at 40 K. The temperature for the intensity drop below 70 cm −1 decreases to 5 K at x = 0.06 86 . The low energy side steeply decreases to make a gap at x = 0.035 and 0.06 in Fig. 13(c) . The gap is partially buried and the metallic conductivity is achieved at x ≥ 0.6. The B 1 peak or edge becomes weak at x ≥ 0.2, but the kink can be observed, when the intensity scale is magnified. Figure  17 shows the carrier density dependence of the B 1 − B 4 peak energies and the incommensurability δ (dashed line) obtained from the neutron scattering spots (π ± δ, π) and (π, π ± δ) 19 . The B 1 energy increases as the carrier density increases from x = 0.035 to 1/8 and then becomes constant in good accordance with δ. Therefore B 1 is assigned to the SDW/CDW gap. In the B 1g spectra of Fig. 13 (b) the 216 and 317 cm −1
peaks at x = 0 are intrinsic B 1g phonon peaks in the orthorhombic structure. The B 1g electronic scattering presents the charge excitations near (π, 0), if the Fermi surface is complete. However, the Fermi surface is depleted near (π, 0) due to the opening of the pseudogap in the underdoped phase. It decreases the low-energy scattering intensity below 2000 cm −1 as stated with respect to Fig. 7 . The low-energy intensity increases at x ≥ 0.15 in accordance with the increase of the ARPES intensity near (π, 0)
117 . The carrier density dependent intensity of the representative point of 150 cm −1 is shows by the dashed line in Fig. 9(a) .
The coupling between the A 1g phonons and the B 1g continuum spectra is weak in the overdoped phase. On the other hand the large coupling between the B 1g phonon in the orthorhombic structure and the electronic continuum states is observed. The sharp B 1g phonon peak at 216 cm −1 (x = 0) splits into the original sharp peak and the satellite broad peak at high energy side by doping. The satellite peak energy decreases from 251 cm −1 at x = 0.035 to 232 cm −1 at x = 0.25 in Fig. 18 . The sharp peak does not appear in the infrared spectra, but the satellite peak appears 134 . The intensity of the sharp peak moves into the satellite peak as carrier density increases. The satellite peak becomes much stronger than the original peak at x = 0.25. The sum of two peak intensities decreases from x = 0 to 0.1 and then increases at x ≥ 0.15 as the electronic continuum intensity increases.
In the crystal with inversion symmetry such as the orthorhombic Cmca the Raman active phonon mode has even parity and the infrared active phonon mode has odd parity. The Raman active mode does not interact with the long wavelength plasma, so that it is not affected by the carrier doping. On the other hand the infrared active mode interacts with the plasma. The energy of the longitudinal optical mode changes from ω LO to ω TO (< ω LO ), as the plasma energy ω PL exceeds ω LO . If crystal loses the inversion symmetry, some of the Raman active modes become infrared active. However, the higher energy shift of the satellite mode cannot be explained by the coupled mode, even if the 218 cm −1 (x = 0.06) mode becomes infrared active. The coexistence of the original peak and the satellite peak suggests the microscopic inhomogeneity in the crystal. It is discussed in Section IV A. Figure 19 shows the differential spectra between 5 K and 40 K. The superconducting pair-breaking peaks are shown by the arrows. The gap energies (pairbreaking peak energies) are shown in Fig. 17. The B 1g and B 2g gap energies are consistent with the reported results 82, 86, 90, 94, 96 . The B 2g gap energies are located between the B 1 and B 3 peak energies at x ≤ 0.15. It should be noted that the A 1g and B 2g gap energies are independent of the T c . The B 1g gap energy decreases with decreasing T c at x ≥ 0.15. The coupling between electrons and phonons have been observed in many experiments. For example, tunnel spectroscopy observed the coupling between the gap structure and phonons 146 .
The B 1g superconducting gap at x = 0.15 closes above T c . It is different from ARPES stating that the pseudogap near (π, 0) remains till T * = 150 K 120,121 . The B 2g superconducting pair breaking peak appears in the polaronic states. The SDW/CDW gap and the electronphonon coupled peaks are the fine structure of the Fermi arc. ARPES did not detect the SDW/CDW gap. The different results may come from the higher resolution 0.7 meV and the longer penetration depth 0.1 µm of light in Raman scattering than 15 − 20 meV and ∼ 5Å of the electron escape depth in ARPES 117, 120, 121 . The electron escape depth is shorter than the lattice constant along c, 13.1Å. 
IV. SUPERCONDUCTING PAIRING MODEL
A. Pairing at the edge dislocation of the stripe
Why does the electronic scattering show only k ⊥ stripe excitations? In other words, why is the hole hopping restricted in the perpendicular direction to a stripe? It is reminiscent of the sliding of an edge dislocation in the Burgers vector direction 6,9 . It is well-known that ductility of metal is induced by edge dislocations and screw dislocations 108 . In two-dimensional layer only edge dislocations work. The edge dislocation easily slides in the perpendicular direction to the inserted stripe. The Burgers vector is a vector that represents the direction and magnitude of the lattice distortion in a crystal. The edge dislocation of the looped charge stripe in Fig. 20(b) has lower energy than the single half change stripe in Fig. 20(a) , because stable spins are antiparallel on both sides of the charge stripe 6 . The dashed lines show displacements of charge stripes for the sliding of the edge dislocation. The edge dislocation easily slides perpendicularly to the stripe only by the local atomic displacement. While, the motion in the stripe direction is difficult, because new charges have to move from far sites. Charge transfer is united with the sliding of the edge dislocation. Other charges are localized, because the k stripe excitations do not appear in the B 2g Raman spectra. Most of the stripe structure is static except for the edges. The charge hopping only at the edge dislocation keeping other charges localized may cause the very short mean free path called "bad metal" 147, 148 . The mean free path l is so short k F l ≈ 0.1 that violates the Mott limit for the metallic transport 149 . The T -linear resistivity [149] [150] [151] at the optimum doping may be induced by the present charge transfer mechanism. the Burgers vector. The circle (christcross) indicates up (down) spin. The up (down) spin number changes from 3 (4) to 4 (3). Thus the movement of the dislocation induces the magnetic excitation. Two charged Cu atomic sites on the looped edge dislocation shift to right and three charged sites on the right neighbor stripe shift to left. The charge density on the charge stripe is a half hole per Cu site at x ≤ 1/8. Then one hole moves to right and one or two holes move to left. The distance between two holes moving to the opposite directions are of the order of the inter-charge stripe distance. Edge dislocations in metal easily move far away. We suppose the same is true in the stripes of LSCO. ure 21 shows a snapshot of edge dislocations. An edge dislocation A in Fig. 21 (a) moves to B in Fig. 21(b) .
Then an edge dislocation C in Fig. 21 (b) moves to D in Fig. 21(c) . Many parts of the parallel stripe structure do not change. It is the reason that quasi-elastic neutron scattering can detect the stripe structure. The B 1g phonon peak at 216 cm −1 (x = 0) separates into the original sharp peak at 218 cm −1 and the satellite broad peak at 244 cm −1 (x = 0.06) in Fig. 13(b) . The satellite peak is also infrared active 134 . The regular stripe structure has the inversion symmetry, but the edge dislocation in Fig. 20(c) has not the inversion symmetry. The Raman and infrared activities are exclusive in the crystal structure with the inversion symmetry. The phonon at the regular stripe structure is Raman active, while the localized phonon at edge dislocations is both Raman and infrared active. Therefore the original sharp peak is derived from the phonon mode at the regular stripes, and the satellite broad peak is derived from edge dislocations. The relative intensity of the satellite peak increases, as the carrier density increases. It is consistent with the increase of the dislocation density with the increase of carrier density. Near the optimum doping the pseudogap disappears and the B 1g scattering intensity becomes stronger than the B 2g intensity as argued in Section II A. In the overdoped phase the dislocation density strongly increases and the movement disturbs the stripe structure. The electronic states change into the normal metal at x ≈ 0.28. At the same time the stripe component disappears in neutron scattering 24 . .
B. Coherence length
The superconducting coherence length ξ is the size of superconducting pairs. It is known that the common coherence length ξ = 1.5 nm of many holedoped high temperature superconductors is exceptionally short 109, 110, 152, 153 . It is in the crossover region of the BCS-BEC diagram 111, 112 . Figure 22 shows the carrier density dependence of the coherence length 109, 110 and the inter-charge stripe distance 19 . Both are surprisingly close at x ≤ 0.2. It supports the model that two holes at the looped edge dislocation form a pair. The increase of the ξ at x > 0.2 may be related to the increase of the edge dislocation density and the stripe structure are changing into the normal metallic state. The coherence length is only twice the inter-charge distance, a 2 /x, where a is the Cu-Cu distance on the assumption that all doped carriers form pairs. If we take into account the instantaneous picture that many carriers except for edges are localized, the overlap of pairs is much reduced. In the weak coupling BCS regime the Fermi surface is crucial for the stability of the superconducting state, but in the strong BEC region the Fermi surface is not important. As a result the high temperature superconducting state appears in spite of a pseudogap and a SDW/CDW gap.
V. PSEUDOGAP
The pseudogap was first found in nuclear magnetic resonance (NMR) 154 . 183 observed the particle-hole symmetry breaking in Bi2201, indicating that the pseudogap is distinct from the preformed superconducting gap.
We propose a new model based on our finding that the charge transfer is restricted only in the direction perpendicular to the stripe. Figure 23(a) shows the Fermi surface (thick solid line and the extending dashed line) and the group velocity (arrow) for the energy dispersion of Eq. (13) 117 at x = 0.07. The velocity is perpendicular to the Fermi surface. A quarter of the tetragonal Brillouin zone is shown. If the stripe is parallel to the b axis, the allowed charge hopping direction is a. One-dimensional conductor has a flat Fermi surface perpendicular to the conducting direction. The velocity of the Fermi surface near (0, π) is parallel to the allowed charge transfer direction, but that near (π, 0) is orthogonal to the allowed direction. Therefore the electronic transition across the Fermi surface near (π, 0) is suppressed. It is observed as the pseudogap. The B 1g electronic scattering spectra becomes the same as the B 2g spectra above 2000 cm −1 in the underdoped phase as discussed in Section III B. It was understood that the isotropy in k space for the electronic transition increases as the energy shift increases and the transition becomes completely isotropic above 2000 cm −1 in the underdoped phase. The positions of E = ±1000 cm −1 are shown by two thin solid curves in Fig. 23(a) , although the isotropy in k space indicates that the momentum is not a good quantum number. The curve on the (0, 0) side is E = −1000 cm −1 and that on the (π, π) side is E = 1000 cm −1 . The transition within these two curves is anisotropic and shows the pseudogap near (π, 0). The short k transition corresponds to the long-range transfer more than ten times the lattice constant in the real space. The pseudogap closes for the transition from the outer side including (0, 0) to the outer side including (π, π). The stripe direction is fluctuating in the a or b direction. For the stripe parallel to a, the Fermi surface near (0, π) has a pseudogap. Figure 23 A one-dimensional conductor has a flat Fermi surface. The tight binding Fermi surface for the stripes parallel to b is rounded near (0, π) at x = 0.07 in Fig. 23(a) . If the Fermi surface near (0, π) becomes flat and perpendicular to the a axis as shown by the red line, the charge transfer increases and the kinetic energy decreases, because the group velocity is perpendicular to the Fermi surface. The Fermi surface for the stripes parallel to b is shown in Fig 23(d) . The flat region near (π/2, π/2) comes from a different mechanism as discussed later. In the same way the Fermi surface near (π, 0) becomes flat in Fig.  23 (e) to decrease the kinetic energy for the stripes parallel to the a axis. In the crystal of mixed stripe directions the observed Fermi surface is the average of Fig. 23(d) and (e). In fact the flat Fermi surface was observed near (0, π) and (π, 0) at x = 0.063 and 1/8 in ARPES [186] [187] [188] . Figure 23 (f) shows the Fermi surface at x = 0.063 obtained by Zhou at al. 187 . The one-dimensional charge transfer along the stripe was considered in ARPES 188 , but the present experiment revealed that it is perpendicular to the stripe. The Fermi surface measured by ARPES has four-fold rotational symmetry, because the stripe direction is fluctuating in space and time. But the Fermi surface of the stripe phase has no four-fold rotational symmetry as shown in Fig. 23(d) and (e). The four-fold rotational symmetry breaking was observed in tunnel spectroscopy 163 and Nernst effect 165 .
Another model to break the rotational symmetry is the d-wave Pomeranchuk instability 189, 190 . Yamase and Zhyher 191 calculated the Raman susceptibility near the d-wave Pomeranchuk instability. The d-wave Pomeranchuk instability couples to the B 1g electronic and phononic excitations. A central peak emerges at the energy shift zero for each of the electronic and phononic B 1g spectra, as temperature decreases in the carrier density below the critical value (x ≤ x c ). The central peaks change into two low-energy peaks for the electronic and phononic channels at x > x c . The soft mode energies increase with broadening, as the carrier density increases. The B 1g spectra in Fig. 13(b) have not such a central peak nor the low-energy peak whose energy increases with increasing the carrier density. The B 1g phonon of 218 cm −1 has the satellite peak on the high energy side. It is the opposite side of the prediction from the Pomeranchuk model. Therefore the present Raman scattering experiment gives a negative result for the Pomeranchuk instability.
The electron-phonon coupled hump below 180 cm are strongly enhanced near the insulator-metal transition at low temperatures in the B 2g spectra of Fig. 4 and 13. The electronic states near (π/2, π/2) strongly interact with the B 2 , B 3 , and B 4 phonons as discussed in Section III D. The B 2 , B 4 modes are the (π, π) phonon mode. The B 3 mode cannot be determined whether it is the (0, 0) mode or (π, π) mode, because the dispersion is flat 131 . If one assumes this mode to be the (π, π) mode, all the modes are the zone boundary modes. The momentum (π, π) is the reciprocal lattice vector to form the orthorhombic structure from the tetragonal structure and also the antiferromagnetic structure. Usually the structural phase transition is induced by the softening of a single phonon. It is the A 1 phonon in Fig. 14  130,133 . In the present case the electronic states strongly interact with many phonons with the momentum producing the lower symmetry structure. It is rather anomalous. If the electronic states with the velocity parallel to (π, π) is preferable to stabilize the system through the electronmany phonon interactions, the Fermi surface changes to increase the part in which the velocity is parallel to (π, π). It is shown by the green line in Fig. 23(a) . The electron-phonon coupled hump below 180 cm −1 is largest at x = 0.06 in Fig. 13(c) . At the almost same carrier density at x = 0.063 Zhou et al. 187 observed the flat Fermi surface perpendicular to (π, π) at the large area around (π/2, π/2) in ARPES as shown in Fig. 23(f) . It is supposed that the orthorhombic structure is stabilized by the dynamic coupling between the electronic states near (π/2, π/2) and many (π, π) phonons. It is, however, not determined whether the phonon wave vector is exactly (π, π) or a little shorter to nest the Fermi surfaces near (π/2, π/2) and (−π/2, −π/2), because the phonon dispersions near (π, π) are nearly flat. In the latter case the phonons work to increase the nesting susceptibility.
The thin dashed line in Fig. 23(a) , (b) and (c) is the shadow Fermi surface which is the (π, π) shifted primary Fermi surface. It is the folded Fermi surface in the Brillouin zone of the orthorhombic structure and also the antiferromagnetic structure. The crystal structure is orthorhombic at x = 0.07 and 0.15 and tetragonal at x = 0.22. The shadow Fermi surface is observed in ARPES of Bi2212 192,193 , Bi2201 194 , and LSCO 140, 195 . The Fermi pocket is observed in Bi2212
193 . The shadow Fermi surface in LSCO is observed in the underdoped phase, but not in the overdoped phase 140, 195 . The magnetic hump from 1000 cm −1 to 3500 cm −1 is small at x ≈ 1/8 in Fig. 4(c) , while the shadow Fermi surface is observed 195 . Therefore the shadow Fermi surface is induced by the lattice effect in agreement with Mans et al 192 .
In the underdoped insulating phase (x < 0.055) the stripe direction changes into the diagonal direction 20 . However, the B 1g and B 2g spectra at x = 0.035 in Fig. 4 and 13 does not change qualitatively from the spectra in the metallic phase. Seibold and Lorenzana 54 calculated the k|| and k ⊥ stripe dispersions for magnetic excitations in the site-centered and bond-centered stripe structure at x = 0.05. It is difficult to assign the Raman data to the dispersions, because the number of dispersion segments is too many. In the calculation the intensity of the k ⊥ stripe magnetic susceptibility is weak at the intermediate energy range 54 . The B 2g spectra in Fig. 4(c) do not show a decrease at the middle of the hump from 1000 to 3500 cm −1 . The pseudogap is observed at (0, π) and (π, 0) in the extrapolated shape from the metallic phase in ARPES 117 . In the diagonal stripe parallel to (π, π) the Burgers vector is parallel to (−π, π). The pseudogap opens near (π/2, π/2), if our mechanism of the pseudogap is applied to the insulating phase. But the experimental results are different. Therefore it is supposed that the charge transfer is large in the nearest neighbor direction a or b. The resistivity of LSCO with x = 0.03 decreases on decreasing temperature from high temperature to 70 K in the same way as the metallic phase and then the resistivity increases below 70 K 149,151 . It may be explained as follows. The effect of the different directions between the charge transfer and the Burgers vector is relaxed by the thermal excitation at high temperatures, but the difference becomes crucial at low temperatures and the resistivity increases. La 2 NiO 4+δ with the diagonal stripe structure 17 is an insulator, too. The high energy excitations comes from the short range electronic excitations. The excitations in short distance is very complicated by the rearrangement of spins and charges in the moving looped edge stripe in Fig. 20(c) . It may be the origin of the isotropic energy state in k space. The pseudogap energy is 2000 cm −1 , if it is estimated from the split of the B 1g spectra from the B 2g spectra in Fig. 6 and 7. This energy is independent of the carrier density and temperature in the underdoped phase. The pseudogap energy observed by ARPES is about 80 meV (640 cm −1 ) at the insulatormetal transition 121, 184 . Many ARPES experiments reported that the gap energy depends on the carrier density and the gap closes at T * 119-121,180,181,183 . However, ARPES also reported the example that the pseudogap survives far above T * 122 . The large energy difference comes from the fact that (1) 2000 cm −1 is the highest energy of the different B 1g and B 2g spectra and not the direct gap energy and (2) Raman scattering observes the energy from the valence band to the conduction band, while ARPES observes the energy from the valence band to the chemical potential.
VI. DISCUSSIONS
The large difference between the hole-doped cuprate superconductors and the electron-doped cuprates is the existence or absence of the stripe structure. Neutron scattering disclosed that the magnetic scattering spot is always commensurate (π, π) in Nd 2−x Ce x CuO 4 (NCCO), suggesting that the stripe is absent in electron-doped cuprates 196, 197 . The B 1g two-magnon peak softens on increasing the carrier density in the hole-doped cuprates as shown in Fig. 4(b) 82 . However, the softening of the twomagnon peak is not observed in electron-doped cuprate superconductors [198] [199] [200] [201] . The two-magnon peak energy does not shift in the insulating phase of NCCO, even if carriers are doped 201 . In the metallic phase the twomagnon peak disappears and the spectra shifts to much higher energy than the original two-magnon peak energy. Therefore the softening of the B 1g two-magnon peak is not a common property in a doped antiferromagnet, but the property of the k|| stripe magnetic excitations. The hump from 1000 to 3500 cm −1 observed in the B 1g and B 2g spectra in LSCO does not appear in electron doped cuprate superconductors. It is also the characteristic property of the stripe structure.
Our finding that only k ⊥ stripe excitations are included in the B 2g spectra indicates that the charge transfer is united with the sliding motion of the edge dislocation which moves perpendicularly to the stripe. Figure  24 shows the coherence length in hole-doped cuprates and electron-doped cuprates. The inter-charge stripe distance of LSCO 19 is also shown. The carrier density dependence of the coherence length is almost perfectly follows the inter-charge stripe distance not only in LSCO but also in YBCO and Bi2212 109, 110, 152, 153 . On the other hand the coherence lengths of electron-doped cuprate superconductors NCCO and Pr 2−x Ce x CuO 4 (PCCO) are much longer 202, 203 . It clearly indicates that the pairing is formed between charge stripes. The moving carriers are only at the looped edge dislocations. Therefore the Cooper pairs are formed at the looped edge dislocations.
The paired charges moving with the edge dislocation is like a bi-polaron 204, 205 . The binding energy is, however, related to not only the electron-phonon interaction but also the stripe formation energy including the electron, spin and charge interactions. The phonons localized at the edge dislocation may not be the bulk phonons. The strong electron-phonon interactions are observed in the B 2g channel. The existence of the phonon contribution is known from the isotope effect of the penetration length 206 , although the isotope effect of the T c is small at the optimum doping 207 . The contribution of phonons can introduce a retardation effect to the pairing so that the instantaneous Coulomb repulsion is avoided [208] [209] [210] .
VII. CONCLUSION
Utilizing the different Raman selection rule between two-magnon scattering and electronic scattering, the k|| and k ⊥ stripe magnetic excitations are separately detected in the nematic fluctuating spin-charge stripes. The electronic scattering has only k ⊥ stripe excitations, indicating that the charge hopping is restricted to the direction perpendicular to the stripe. It is the same as the sliding of an edge dislocation in the Burgers vector direction which is perpendicular to the stripe. Consequently holes at the edge dislocations transfer together with the sliding of the edge dislocations. Other holes are localized, because the k|| stripe excitations are not observed in the electronic scattering. The looped edge dislocation which is made of bridged two charge stripes has lower energy than the single edge dislocation. The superconducting coherence length is surprisingly close to the inter-charge stripe distance at x ≤ 0.2. The coherence length is intermediate between the BCS and the BEC superconductors. Therefore it is concluded that the superconducting pairs are formed at the moving looped edge dislocations. The restricted charge transfer perpendicularly to the stripe naturally explains the pseudogap formation near (0, π) or (π, 0), depending on the stripe direction. The parts of the Fermi surface with the pseudogap are deformed to decrease the kinetic energy. The electronic states near (π/2, π/2) strongly interact with the (π, π) phonons so that the Fermi arc is composed of polarons.
